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ABSTRACT

The U.S, Nonprolifération and Export Control

Policy, announced by President Clinton before the
United Nations General Assembly on September 27,
1993, commits the U.S. to placing under Interna-

‘tional Atomic Energy Agency (IAEA) Safeguards-'

excess nuclear materials no longer needed for the U.S.
nuclear deterrent.

As of July 1, 1995, the IAEA had completed o

Inmitial Physical Inventory Verification (JPIV) at two
facilities: a storage vault in the Oak Ridge Y-12
plant containing highly enriched uranium (HEU)
metal and another storage vault in the Hanford Pluto-

nium Finishing Plant (PFP) containing plutonium |

oxide and plutonium-bearing residues. Another plu-
tonum-storage vault, located at Rocky Flats, 1is
scheduled for the IPIV in the fall of 1995.
Conventional neutron coincidence counting is
~one of the routinely applied IAEA nondestructive
assay (NDA) methods for verification of uranium and

plutonium. However, at all three facilities mentioned

above, neutron NDA equipment had to be modified or
developed for specific facility needs such as the type
and configuration of material placed under safeguards.

At Y-12, the size and uranium mass of items to

be verified required modification of the Active Well

Coincidence Counter (AWCC).1-2 The facility pre- - '

pared a set of calibration standards representative of
the items to be measured. The IAEA certified these

standards by destructive analysis (DA). Compared

with operator declarations for 235U mass (weighing
and isotopic analysis), the IAEA AWCC measure-

ment values agreed to within 0.5% for randomly

selected items. _
-At Hanford, the IAEA used the standard High-
Level Neutron Coincidence Counter (HLNC)? for

* This work is supported by the US Department of
Energy, Office of Nonproliferation and National
Securnty, Office of Safeguards and Secunty and

- Internatmnal Safeguards Division.

verification of pure PuO,. For venfication of pluto-
nium material containing unknown impurity concen-

trations, the JAEA used a 3-Ring Multiplicity

Counter (3RMC) provided by LANL. The 3RMC
gave better results for the impure material than could

have been achieved using the HLNC. Also, the
3RMC showed an improvement in measurement per-

formance for pure PuO, because of higher efficiency
than the HLNC. -

At Rocky Flats, a new neutron multiplicity
counter designed for multiple-can plutonium oxide
containers will be used for the IPIV. This will enable

‘measurement of multiple-can items and thereby reduce
- radiation exposure to plant personnel as well as

inspectors.  Also, this counter is expected to be used
for facility as well as the IAEA’s verification pur-
poses for a vancty of nuclear matenals present at this
facxlxty

INTRODUCTION

Table I displays the routinely used NDA instru—
ments for the International Atomic Energy Agency

- (IAEA) inspections of uranium and plutonium at

storage facilities.
These standard NDA methods were used by the

IAEA for the IPIVs at Y-12 and Hanford, along with
other methods, some of which are described below.

- OAK RIDGE Y-12 VAULT 16

The letter adding Y-12 Vault 16 to the list of US
facilities eligible for JAEA inspections was received
in Vienna by the IAEA on Tuesday, September 6,

1994, The vault contains HEU items, determined to .

be unclassified and excess to U.S. national security
interests. Metric tonne quantities of HEU were
included in the initial offer.

A descnptxon of the individual I-IEU items

appears in Table II.

The IAEA used all of then' standard measurement
methods for HEU storage facilities at the Y-12 IPIV.
These are shown in Tabie I1. | |



| Table 1. Standard IAEA NDA Instruments Used at Storage Facilities

_ Measurement | =~ Method

U, Pu radiation Low-resolution
gamma spectrometry

Portable MCA - Nal _
PMCN) '

235U mass Active neutron Active Well Coincidence Counter
_ . coincidence counting AWCC)

Table III. IAEA Verification Measurements at HEU Storage Facilities

Defect Type
Gross |

Partial

Low-resolution
gamma spectrometry

235U enrichment

High-resolution

gamma spectrometry
240py-effective mass | Passive neutron
coincidence counting

240py.-effective fraction | High-resolution

" | Portable MCA - HPGe

Portabie MCA - Nal
(PMCN)

PMCG)

High Level Neutron Qbincidence Counter
|
Medium Count Rate System (MCRS)

Table II. HEU Material and Storag é' Container

Form

Storage Canister:

Height

Diameter

__ Defect Description
No U or HEU replaced by LEU
Part of HEU Missing

235U content bias

*operator’s electronic balance validated by IAEA standards

U radiation
235U mass |
235U enrichment, weight

| 235U content |

The AWCC is shownin Fig. 1.

The Y-12 facility prepared seven AWCC calibra-
tion standards ranging in mass from 14 to 18 kg.
Each standard is identical in density and geometry to
- the annular castings in the inventory offer, except for
height, which was varied for mass variation. These
standards were used to generate the calibration curves

S

HEU metal
93% enriched

Homogeneous annular castings
Uniform size

~ 18 kg 235U

~23 cm (9 1n.

~18 cm (7 1n.)

| Instruments Used
PMCN

TAWCC
PMCN + EBAL*

DA + EBAL

| Measurements Reqgquired .

for two AWCCs, one shipped by the IAEA ﬁom 1ts
regional office in Toronto and one loaned by LANL.

AWCC end plugs were configured for a measurement

cavity height of 279 cm (11 in.) in fast mode
(cadmium liners in), without the nickel reflector.
AWCC cahbration was performed by the IAEA on
September 9, 1994. Each of the AWCC standards



was certified by the IAEA by means of samplmg for
subsequent DA in Vlenna

2
1

N

N
737

Arli NEUTRON

N REFLECTOR

Y7700

W 2222\

¢

$

4

e

\

RO 7P XA 72l I

A5 1By 1
%

\ YA EEE
VT ETTT I FITTFTSTTETFIFE

N\

%

g

Fig. 1. Active Well Coincidence Counter (AWCC).

Table IV summarizes results of the AWCC ven-
fication measurements made by the IAEA.

The IAEA planned to use the AWCC for partial
defects measurements only at Y-12. However, the

“excellent agreement between operator and IAEA val-

ues shown in Table IV qualifies the AWCC for bias-

defect measurements, thus potentially eliminating the
need for DA, except for standards. These excellent

results were obtained because of the umforrmty of

material (both in mass and geometry), representative

- standards, high mass, and good measurement control.

Table IV. AWCC Verification of HEU Metal Casuns at Y-12- Summary Results

- HANFORD PFP VAULT ROOM 3

IAEA Inspectors arrived at the Hanford Pluto-
nium Finishing Plant (PFP) on November 29, 1994.
The 1nitial offer at PFP consisted of over 500 items
and included both pure plutonium oxide and pluto-
nium residue items, .each packaged in three nested

metal cans. The outer cans were typically 4 in. in

diameter and 6 in. high. The pure plutonium oxide
items ranged in mass from approximately 500 to
1600 g Pu. The plutonium residue items ranged in
mass from approximately 300 to 1700 g Pu. Items

- are stored in Vault Room 3 at PFP on pedestals

instrumented for both security and monitoring. A
separate measurement room was reserved for the
IAEA. '

The IAEA used all of their standard measurement

‘methods for plutonium storage facilities at the
 Hanford IPIV. These are shown in Table V.

In addition to the instruments shown in Table V,

the IAEA also brought an Inventory Sample coinci-

dence counter (INVS),* which was used to measure
few-gram samples taken from the inventory items.

Because the impurities bias conventional neutron
assays as a result of (alpha, neutron) {or (,n)] reac-
tions with the impurities, the IAEA required a neu-
tron multiplicity counter for verification of the plu-
tonium residue items. This requirement was based on
IAEA experience in Japan with the Plutonium Scrap
Muitiplicity Counter (PSMC).>

There were no multiplicity counters available

anywhere at that time for use at Westinghouse

Hanford Corporation (WHC), so one was improvised
at Los Alamos. The prototype Active Well Coinci-
dence Counter, which was built in the 1970’s, was
quickly upgraded to serve as a mult:phc:ty counter.
This counter has sixty 3He tubes in three rings and

- therefore has_ high-neutron detection efficiency; the

_ AWCC #1 IAEA) | AWCC #2 (LANL)
-Ei-

mean operator-IAEA dlfference in -0.29% -O 11%
235U mass [(O-1)/ -

1 standard dev:auon in (O-1/O

Tab]e V. IAEA Venﬁcauon Measurements at Plutonium Storage Facilities

HLNC or MCRS

| Part of Pu Mlssmg _ HLNC plus MCRS

- DA+EBAL




three rings also provide a reasonably constam
efficiency a3 a function of neutron eneTgy—a
consideration in multiplicity counter desipn.  The
high-voliage jupction box  was  rebuill
accommodate twelve Amptek amplifier boards and a
derandomizer® 1o reduce electronic deadtime. Graphite
end plugs were fabncated to fatten the wverical
detection-efficiency profile. Multiplicity electronics
and power supplies in a NIM bin and a portable [BM-
compatible PC with multiplicity-counting sofiware
completed the system, which was designated the
Three-Ring Multipliciy Counter (3EMC) gnd was
loaned o WHC for the LAEA inspections. With a
neutron detection efficiency of 45% and an electronic
deadume of 85 ns, the counter makes a fairly good
multiplicity counter for the small sample sizes in the
WHC inveniory,

Twenty-one of the WHC inventory samples that
were measured with the multiplicity counter before
the LAEA inspection were studied with four analysis
techniques;

(1} Calibration curve

{2} Known a

{3} Known multiplication (known-M)
4) Multiplicity

The calibration curve technique is the conven-
tional one of constructing a calibration curve of coin-
cidence rate vs effective 2¥'Pu mass.  This method
works well if the samples o be verified are very
similar in geometry, density, uniformity, and impu-
rity level 1o each other and 1o the standards used 10
construct the calibration curve. The coincidence rale
is the only measured quantity needed for the analysis,

The o value for a sample 15 defined as the ratio
of neutrons from (C,n) reactions © neutrons from
spontaneous fissions,

The known-ot iechnigue works well if ihe
verification samples have known impurity levels
{from which @ can be calculated), but have varying
peometries, densities, and uniformities, The known-
@ analysis requires both the total and coincidence
Counlt rales.

The known-M method uses a calibration curve of
neutron multiplication vs effective 2**Pu mass. It is
useful when the samples are very similar in
geometry, density, and uniformity, but have varying
impurity levels, The known-multiplication echnique
requires bodh the total and coincidence rates for the
anilysis.

The multiplicity technique is useful when the
sample densities, geometries, and impurity levels ame
all varying, but the samples are [airly uniform.
Because the multiplicity analysis determines sample

mass, neutron muoltplication, and @ wvalue, theee
measured quantities are nesded: these are the single,
double, and triple count rates.  The single and double
count rates are identical o the total and cosncidence
counl rates used for the other thres analvais methods
discussed above. The miple count rate is o measure of
a higher level of comelation and 15 oblained from a
miultiplicity shift register coincidence cicouit,

The purpose of stedying the four analvsis
techpiques was 10 determine how well cach rechnigque
can deal with the sample variations present in the
WHC inventory of pluwonium oxides. The counter
had not been calibrated with plutonium samples
before the Hanford exercise, so calibration curves were
constructed from the Hanford data on a series of pure-
oxide standards. The multiplicity analvsis method
does not use & calibration curve, bul requires Uwee
detector parameters for the analysis; two of these were
obtained from a *%2Cf source with known neutron
yield, and the third was obtained from a pure
plutonium oxide sample.

The results of the analyses for the four lechniques
are shown in Figs, 2-3, where the assay masses am
ploned va the declared (facility) masses. The emor
bars represent standard devistions from counting
statistics only; these ermmors are large enough 10 be
significant only for the multiplicity analvsis of
samples with high @ values and are thus not shown
for the other analysis techniques.

As expecied for impure oxides, the calibration-
curve and known-ou techniques do not work well
because of the enhanced coincidence rates that result
from induced fissions caused by an unknown number
of {mn) neurons. The multplicity technigue
accounts for these (@.n) neutrons, so there are o
large outliers in the multiplicity plot—the assays are
accurse either to within 3% or three standard
deviations (for the high-o samples). The quality of
the known-M results largely depends on the density
variations in the sample st (the can diameters were
similar); these results are somewhal beter (han
expecied because the plutonium concentration in the
scrap samples 18 nod constant,

The outlier in the known-M plot o1 a declared
mass of 102 g effective **"Py is caused by a dense,
pure-oxide sample with a multiplication (M) much
higher than given by the multiplication calibration
curve (M= 1.20 vs M = 1.11); note that this sample
assays well with the known-alpha and multplicity
techniques.

Table VI shows the percent assay errors for each
of the samples and each analysis technique. The
multiplicity technique gives the best overall assay
resulis. but requires long measurement times for
samples with high @ wvalees. Most of the
measurements were for one-hall hour per sample
{including the four samples shown with large emor
bars); a few high-o samples were measured overnight.
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: The known-M techmque gwes generally poorer

~ results than the multiplicity technique, but is very

 fast—a few minutes measurement time per sample is
adequate, even for high-o samples. The known-M
and multiplicity techniques can be used together effec-

tively; samples that are outliers in known-M assay

can be measured longer and analyzed with the mult-
plicity techmque ‘For example, the sample with the
declared mass of 102 g effective 240Pu is an outlier in
‘known-M analysis. However, even a short measure-
- ment of this sample—when analyzed with the multi-
pllClty-——shows that the multiplication of this sample
is too high for it to be assayed correctly with the
known-M technique. A half-hour measurement of
this sample results in a multiplicity assay error of
2.8% + 1.1% compared to a known-M assay error of
61%. For routine use of the known-M technique, a
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Fig. 4. Assay vs declared eﬁ'éc’tive 240pPy mass for

 known-M assay. The straight line shows assay mass
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Fig. 3. ' As&ay Vs declared effective 24°Pu mass for

 multiplicity assay. The srrmghr [me shows ‘assay mass
‘equal to declared mass.

- method must be developed to :.aLllo:wrér error estimates o

be made for the known-M assay of mdmdual sam-

ples.

ROCKY FLATS ENVIRONMENTAL TEST
SITE (RFETS)

" The IPIV at RFETS is tentau\rely scheduled for

 the fall of 1995. The offering will consist of impure

plutonium oxide items packaged in 8801 cans with a
8802 can over-pack. Items are stacked inside a steel

tube that is centered in a 10-gal. drum. Typically,
there are two items to a drum, however, a few drums

‘contain only a single item. Each 8801 can contains
- up to 2 kg of oxide. The IO-gal drums contain from

ltod kg of oxlde




Table V1. Assay Errors for Hanford Plutonium Samples
Assay error (%)
Eff. 240Py Calibration

Sample & Purity curve Known o Known M Multiplicity
1 5.42 impure 4.5 219.1 -6.2 244056
2 8.89 impure 2.2 209.5 -14.7 2.6+ il
3 16.78 very impure 66.5 464.8 0.6 5.0+ 8.7
4 16.97 impure 11.7 177.5 -17.4 0.4+ 3.2
5 23.64 impure 25.5 118.8 -6.6 L2+ 3.3
6 24.29 impure 29.7 207.3 -10.4 44+ 45
7 28.85 very impure 97.5 926.1 -22.9 =70 35.2
8 32.4 very impure 107.9 771 -9.2 312+ 12.6
9 42.76 pure 11.1 9.3 9.6 59 20
10 46.19 impure 37 130.1 -11.6 26% 3.4
11 59.62 very impure 127.5 472.3 14.9 -7.3%  13.8
12 80.71 pure 1 -0.04 -1.3 2:0£0.04
13 101.9 pure 73.3 251 61.2 28+ 1.1
14 147.59 pure -1.2 0.3 -1.5 -1.8+ 1.8
15 147.63 pure 0.2 0.8 0.2 0:8 =16
16 147.7 pure -1.7 1.4 -2.7 -43+ 1.6
17 149 pure 1.6 0.6 2.2 02+ 09
18 149.6 pure -1.2 0.4 -1.4 243 O3
19 150.1 pure -2.2 -1.3 -2.2 Lilx. 1.2
20 185.7 pure 2.2 4.2 -1.6 29+ 0.6
21 227.9 pure -0.3 0.08 1.2 04+ 29

Because the oxide samples contain a variety of

impurities,

neutron multiplicity

counting was

identified as the NDA measurement technique of
choice. However, when the original offer was
proposed, there was no multiplicity counter in
existence that could accommodate a 10-gal. container.
During fiscal 1994, Los Alamos, was tasked by DOE
NN-20 to design a multiplicity counter that could
accommodate up to 30-gal. drum sized items for the
measurement of weapons components.” Because this
design was complete and because of the original short
time frame to acquire instrumentation for an inspec-
tion at RFETS, Los Alamos was asked in November
of 1994 to produce a counter of this design to be
delivered to RFETS by mid-February of 1995. Los
Alamos was also tasked at this same time to advise
RFETS concerning state-of-the-art NDA instrumenta-
tion, including the 30-gal. multiplicity counter, that
could be used to upgrade domestic safeguards tech-
niques. '

The 30-gal. Drum Neutron Multiplicity Counter,
shown in Fig. 6, consists of 126 *He tubes arranged
in three rows in a hexagonal polyethylene moderator.
Each sixth of the counter is an independent unit that
has its own electronics junction box. Each junction
box contains a high-voltage circuit board and a 5-V
circuit board to drive and collect signals from the

Fig. 6.

Photograph of 30-Gal. Dren Multiplicity
Counter System.

tubes. The signals from each sixth are brought
together in a derandomizer® to produce the total signal
and three auxiliary signals from the inner, middle, and
outer rows of tubes in the counter. These signals are
then processed by a Canberra 2150 multiplicity elec-
tronics module, and the data are analyzed using the
new NCC Windows code. The measured efficiency of
this counter for 252Cf is 42.3%. Its die-away time is
55.4 ps, and its deadtime is 22.5 ns. From calcula-
tions, this counter should provide an assay precision



three rings also provide a reasonably constam
efficiency a3 a function of neutron eneTgy—a
consideration in multiplicity counter desipn.  The
high-voliage jupction box  was  rebuill
accommodate twelve Amptek amplifier boards and a
derandomizer® 1o reduce electronic deadtime. Graphite
end plugs were fabncated to fatten the wverical
detection-efficiency profile. Multiplicity electronics
and power supplies in a NIM bin and a portable [BM-
compatible PC with multiplicity-counting sofiware
completed the system, which was designated the
Three-Ring Multipliciy Counter (3EMC) gnd was
loaned o WHC for the LAEA inspections. With a
neutron detection efficiency of 45% and an electronic
deadume of 85 ns, the counter makes a fairly good
multiplicity counter for the small sample sizes in the
WHC inveniory,

Twenty-one of the WHC inventory samples that
were measured with the multiplicity counter before
the LAEA inspection were studied with four analysis
techniques;

(1} Calibration curve

{2} Known a

{3} Known multiplication (known-M)
4) Multiplicity

The calibration curve technique is the conven-
tional one of constructing a calibration curve of coin-
cidence rate vs effective 2¥'Pu mass.  This method
works well if the samples o be verified are very
similar in geometry, density, uniformity, and impu-
rity level 1o each other and 1o the standards used 10
construct the calibration curve. The coincidence rale
is the only measured quantity needed for the analysis,

The o value for a sample 15 defined as the ratio
of neutrons from (C,n) reactions © neutrons from
spontaneous fissions,

The known-ot iechnigue works well if ihe
verification samples have known impurity levels
{from which @ can be calculated), but have varying
peometries, densities, and uniformities, The known-
@ analysis requires both the total and coincidence
Counlt rales.

The known-M method uses a calibration curve of
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useful when the samples are very similar in
geometry, density, and uniformity, but have varying
impurity levels, The known-multiplication echnique
requires bodh the total and coincidence rates for the
anilysis.

The multiplicity technique is useful when the
sample densities, geometries, and impurity levels ame
all varying, but the samples are [airly uniform.
Because the multiplicity analysis determines sample

mass, neutron muoltplication, and @ wvalue, theee
measured quantities are nesded: these are the single,
double, and triple count rates.  The single and double
count rates are identical o the total and cosncidence
counl rates used for the other thres analvais methods
discussed above. The miple count rate is o measure of
a higher level of comelation and 15 oblained from a
miultiplicity shift register coincidence cicouit,

The purpose of stedying the four analvsis
techpiques was 10 determine how well cach rechnigque
can deal with the sample variations present in the
WHC inventory of pluwonium oxides. The counter
had not been calibrated with plutonium samples
before the Hanford exercise, so calibration curves were
constructed from the Hanford data on a series of pure-
oxide standards. The multiplicity analvsis method
does not use & calibration curve, bul requires Uwee
detector parameters for the analysis; two of these were
obtained from a *%2Cf source with known neutron
yield, and the third was obtained from a pure
plutonium oxide sample.

The results of the analyses for the four lechniques
are shown in Figs, 2-3, where the assay masses am
ploned va the declared (facility) masses. The emor
bars represent standard devistions from counting
statistics only; these ermmors are large enough 10 be
significant only for the multiplicity analvsis of
samples with high @ values and are thus not shown
for the other analysis techniques.

As expecied for impure oxides, the calibration-
curve and known-ou techniques do not work well
because of the enhanced coincidence rates that result
from induced fissions caused by an unknown number
of {mn) neurons. The multplicity technigue
accounts for these (@.n) neutrons, so there are o
large outliers in the multiplicity plot—the assays are
accurse either to within 3% or three standard
deviations (for the high-o samples). The quality of
the known-M results largely depends on the density
variations in the sample st (the can diameters were
similar); these results are somewhal beter (han
expecied because the plutonium concentration in the
scrap samples 18 nod constant,

The outlier in the known-M plot o1 a declared
mass of 102 g effective **"Py is caused by a dense,
pure-oxide sample with a multiplication (M) much
higher than given by the multiplication calibration
curve (M= 1.20 vs M = 1.11); note that this sample
assays well with the known-alpha and multplicity
techniques.

Table VI shows the percent assay errors for each
of the samples and each analysis technique. The
multiplicity technique gives the best overall assay
resulis. but requires long measurement times for
samples with high @ wvalees. Most of the
measurements were for one-hall hour per sample
{including the four samples shown with large emor
bars); a few high-o samples were measured overnight.



of from 1 0 3% in 30 min. for 1.5 o 5 kg oxide
samples that have small to moderate impurities.

The instrument parameters will be adusied by
measuring a sel of certified plutonium oxide standards
at KFETS and adjusung the efficiency of the counter
from plutonium, It is anticipated that this adjustment
will be from 1 to 3%, compared with **=Cf meas-
urements, Mo adjustment for die-away Ume s
expected 1o be necessary. These standards will also be
measured in configurations similar 1 the samples in
the offering w0 ascerain if any correclons will be
needed because of the unusual geomewry. Currently,
this calibration is expecied o take place n lae
August or early Seprember 1995,

CONCLUSTOMS

The excellent quality and uniformiry of matenal
al -12 enabled unprecedented accuracy and precision
for IAEA verification of HEU metal casungs. Also,
the quantity of material verified during the IPTV was
also unsurpassed in LAEA experience.

Because of the high impurity levels in some of
the Hanford plutonium items, conventional neutron
coincidence counting 18 unsatisfaciory; the assay
mnsses are hiased high beyond the limit of acceptance
for partial defects dewecuon, Multiplicity counting is
ihe best newtron assay method for most of the inven-
wory because il provides the lowest bias, but the tech-
nique requires long counting times for ilems with
very hugh (o,n)-to-apontansous-fission neutron ratios,
For those samples, studies in progress suggest that
ihe multiplicity technique can be augmented by a
known-multiplication analyvsis o provide a rapid
verification of impure oxides for parial defects
detection, in most cases.  The joint use’ of
multiplicity counters and calonimeters combined with
Eermanium isolopic SYSIEms is very promising. in
principle, for LAEA verification: the neutron counter
with the ispiopics system guickly verifies the authen-
ity of the em and determines the plutonium mass,
im most cases, al ihe partial defects level; the
calonmeter and the solopic system then deermine
the mpst scourate plulonium mass, in mosi Cases,

The multi-can. impure plutenium oxide items 10
be verified by the LAEA at Rocky Flats, as well as a
vamely of process residues, preseni new challenges

and opporunities for implemsntaton and further
development of neutron counting.

Expenence ganed by the LAEA i U5, facihiues
will be applied in other nations that alss offer excess
nuclear weapons malerials womlémauonal inspeciion
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of from 1 0 3% in 30 min. for 1.5 o 5 kg oxide
samples that have small to moderate impurities.

The instrument parameters will be adusied by
measuring a sel of certified plutonium oxide standards
at KFETS and adjusung the efficiency of the counter
from plutonium, It is anticipated that this adjustment
will be from 1 to 3%, compared with **=Cf meas-
urements, Mo adjustment for die-away Ume s
expected 1o be necessary. These standards will also be
measured in configurations similar 1 the samples in
the offering w0 ascerain if any correclons will be
needed because of the unusual geomewry. Currently,
this calibration is expecied o take place n lae
August or early Seprember 1995,

CONCLUSTOMS

The excellent quality and uniformiry of matenal
al -12 enabled unprecedented accuracy and precision
for IAEA verification of HEU metal casungs. Also,
the quantity of material verified during the IPTV was
also unsurpassed in LAEA experience.

Because of the high impurity levels in some of
the Hanford plutonium items, conventional neutron
coincidence counting 18 unsatisfaciory; the assay
mnsses are hiased high beyond the limit of acceptance
for partial defects dewecuon, Multiplicity counting is
ihe best newtron assay method for most of the inven-
wory because il provides the lowest bias, but the tech-
nique requires long counting times for ilems with
very hugh (o,n)-to-apontansous-fission neutron ratios,
For those samples, studies in progress suggest that
ihe multiplicity technique can be augmented by a
known-multiplication analyvsis o provide a rapid
verification of impure oxides for parial defects
detection, in most cases.  The joint use’ of
multiplicity counters and calonimeters combined with
Eermanium isolopic SYSIEms is very promising. in
principle, for LAEA verification: the neutron counter
with the ispiopics system guickly verifies the authen-
ity of the em and determines the plutonium mass,
im most cases, al ihe partial defects level; the
calonmeter and the solopic system then deermine
the mpst scourate plulonium mass, in mosi Cases,

The multi-can. impure plutenium oxide items 10
be verified by the LAEA at Rocky Flats, as well as a
vamely of process residues, preseni new challenges

and opporunities for implemsntaton and further
development of neutron counting.

Expenence ganed by the LAEA i U5, facihiues
will be applied in other nations that alss offer excess
nuclear weapons malerials womlémauonal inspeciion
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